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METHOD OF MAKING SILICONE 
HYDROGEL CONTACT LENSES 

This application claims the bene?ts under 35 USC 119(e) 
of the US. Provisional Patent Application No. 60/811,949 
?led Jun. 8, 2006 herein incorporated by reference in its 
entirety. 

The present invention is related to methods for making 
silicone hydrogel lenses With Wettable and durable coating. 
The invention is also related to silicone hydrogel contact 
lenses With Wettable and durable coating. 

BACKGROUND OF THE INVENTION 

In recent years, soft silicone hydrogel contact lenses, for 
example, Focus NIGHT & DAYTM and O2OPTIXTM (CIBA 
VISION), and PureVisionTM (Bausch & Lomb) become more 
and more popular because of their high oxygen permeability 
and comfort. “Soft” contact lenses conform closely to the 
shape of the eye, so oxygen cannot easily circumvent the lens. 
Soft contact lenses must alloW oxygen from the surrounding 
air (i.e., oxygen) to reach the cornea because the cornea does 
not receive oxygen from the blood supply like other tissue. If 
suf?cient oxygen does not reach the cornea, corneal sWelling 
occurs. Extended periods of oxygen deprivation cause the 
undesirable groWth of blood vessels in the cornea. By having 
high oxygen permeability, a silicone hydrogel contact lens 
alloWs su?icient oxygen permeate through the lens to the 
cornea and to have minimal adverse effects on corneal health. 

HoWever, a silicone hydrogel material typically has a sur 
face or at least some areas of its surface Which is hydrophobic 
(non-Wettable). Hydrophobic surface or surface areas Will up 
take lipids or proteins from the ocular environment and may 
adhere to the eye. Thus, a silicone hydrogel contact lens Will 
generally require a surface modi?cation. 
A knoWn method for modifying the hydrophilicity of a 

relatively hydrophobic contact lens material is through the 
use of a plasma treatment, for example, commercial lenses 
such as Focus NIGHT & DAYTM and O2OPTIXTM (CIBA 
VISION), and PureVisionTM (Bausch & Lomb). Advantages 
of a plasma coating is its durability, relatively high hydrophi 
licity (or good Wettability), and loW susceptibility to lipid and 
protein deposition and adsorption. But, plasma treatment of 
silicone hydrogel contact lenses may not be cost effective, 
because the preformed contact lenses must be dried before 
plasma treatment and because of relative high capital invest 
ment associated With plasma treatment equipments. 

Another method for modifying the hydrophilicity of a rela 
tively hydrophobic contact lens material is a layer-by-layer 
(LbL) polyionic material deposition technique (see for 
example, US. Pat. Nos. 6,451,871, 6,717,929, 6,793,973, 
6,884,457, 6,896,926, 6,926,965, 6,940,580). This technique 
can provide a cost effective process for rendering a silicone 
hydrogel material Wettable. HoWever, such LbL coating may 
be less durable than a plasma coating for extended Wear 
purpose. 

Another method for modifying the surface hydrophilicity 
of a silicone hydrogel contact lens is the incorporation of 
Wetting agents into a lens formulation for making the silicone 
hydrogel contact lens as proposed in US. Pat. Nos. 6,367,929 
and 6,822,016. This method may be cost effective because 
after cast-molding of silicone hydrogel contact lenses there is 
no additional posterior process required for modifying the 
surface hydrophilicity of the lens. HoWever, the Wetting 
agents may not stay effective over time and may not provide 
a durable Wettable surface. In addition, there may be hydro 
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2 
phobic surface spots Which can be extremely susceptible to 
lipid/protein adsorption and deposition. 

Therefore, there is a need for a method of producing sili 
cone hydrogel contact lenses With Wettable and durable coat 
ing (surface) in a cost effective manner. 

SUMMARY OF THE INVENTION 

The present invention provides a method for making a 
silicone hydrogel contact lens, the method comprising the 
steps of: (a) obtaining a mold having a ?rst mold half and a 
second mold half, Wherein the ?rst mold half includes a ?rst 
molding surface and the second mold half includes a second 
molding surface, Wherein the ?rst and second mold halves are 
con?gured to receive each other such that a lens-forming 
cavity is formed betWeen the ?rst molding surface and the 
second molding surface; (b) applying a ?rst transferable LbL 
coating to the ?rst molding surface and a second transferable 
LbL coating to the second molding surface, Wherein each of 
the ?rst and second transferable LbL coatings comprises at 
least one layer of a ?rst polyionic polymeric material and 
optionally at least one layer of a second polyionic material or 
a non-charged hydrophilic polymer With a hydrophobic back 
bone, Wherein the ?rst and second polyionic material each 
have a hydrophobic backbone and multiple ioniZable or 
charged pendant groups, Wherein the ?rst and second poly 
ionic materials have charges opposite to each other; (c) dis 
pensing a silicone hydrogel lens-forming ?uid material into 
the lens-forming cavity of the mold With the ?rst and second 
transferable LbL coatings on their molding surfaces, Wherein 
the silicone-hydrogel lens-forming material comprises a non 
crosslinkable hydrophilic polymer and at least one member 
selected from the group consisting of a silicone-containing 
vinylic monomer, a silicone-containing macromer With eth 
ylenically unsaturated groups, a crosslinkable silicone-con 
taining prepolymer, and mixtures thereof, Wherein the non 
crosslinkable hydrophilic polymer is capable of forming an 
interfacial ?lm at interface betWeen the coated molding sur 
faces and the lens-forming ?uid material; (d) soaking the 
transferable LbL coatings With the lens-forming ?uid mate 
rial for a time period suf?cient both to alloW the non 
crosslinkable hydrophilic polymer in the interface ?lm pen 
etrate into the transferable LbL coatings and to entangle With 
coating materials in the transferable LbL coatings; and (e) 
curing the lens -forming material Within the lens-forming cav 
ity to form the silicone hydrogel contact lens, Whereby the 
transferable LbL coatings detach from the molding surfaces 
and reattaches to the formed silicone hydrogel contact lens 
such that said silicone hydrogel contact lens becomes coated 
With the transferable LbL coatings, Wherein the non 
crosslinkable hydrophilic polymer has a molecular Weight or 
structure that promotes entanglement of the non-crosslink 
able hydrophilic polymer in the interfacial ?lm With the poly 
mer matrix of the formed lens so as to obtain a Wettable 
surface coating With a good coating durability characteriZed 
by surviving at least ?ve consecutive digital rubbing tests. 
The present invention also provides a method for making a 

silicone hydrogel contact lens, the method comprising the 
steps of: (a) obtaining a mold having a ?rst mold half and a 
second mold half, Wherein the ?rst mold half includes a ?rst 
molding surface and the second mold half includes a second 
molding surface, Wherein the ?rst and second mold halves are 
con?gured to receive each other such that a lens-forming 
cavity is formed betWeen the ?rst molding surface and the 
second molding surface; (b) applying a ?rst transferable LbL 
coating to the ?rst molding surface and a second transferable 
LbL coating to the second molding surface, Wherein each of 
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the ?rst and second transferable LbL coatings comprises at 
least one layer of a ?rst polyionic polymeric material and 
optionally at least one layer of a second polyionic material or 
a non-charged hydrophilic polymer With a hydrophobic back 
bone, Wherein the ?rst and second polyionic material each 
have a hydrophobic backbone and multiple ionizable or 
charged pendant groups, Wherein the ?rst and second poly 
ionic materials have charges opposite to each other; (c) dis 
pensing a silicone hydrogel lens-forming ?uid material into 
the lens-forming cavity of the mold With the ?rst and second 
transferable LbL coatings on their molding surfaces, Wherein 
the silicone-hydrogel lens-forming material comprises a non 
crosslinkable hydrophilic polymer and at least one member 
selected from the group consisting of a silicone-containing 
vinylic monomer, a silicone-containing macromer With eth 
ylenically unsaturated groups, a crosslinkable silicone-con 
taining prepolymer, and mixtures thereof, Wherein the non 
crosslinkable hydrophilic polymer is capable of forming an 
interfacial ?lm at interface betWeen the coated molding sur 
faces and the lens-forming ?uid material; (d) soaking the 
transferable LbL coatings With the lens-forming ?uid mate 
rial for a time period suf?cient both to alloW the non 
crosslinkable hydrophilic polymer in the interface ?lm pen 
etrate into the transferable LbL coatings and to entangle With 
coating materials in the transferable LbL coatings; and (e) 
curing the lens -forming material Within the lens -forming cav 
ity to form the silicone hydrogel contact lens, Whereby the 
transferable LbL coatings detach from the molding surfaces 
and reattaches to the formed silicone hydrogel contact lens 
such that said silicone hydrogel contact lens becomes coated 
With the transferable LbL coatings, Wherein the non 
crosslinkable hydrophilic polymer has a molecular Weight or 
structure that promotes entanglement of the non-crosslink 
able hydrophilic polymer in the interfacial ?lm With the poly 
mer matrix of the formed lens so as to obtain a Wettable 
surface coating With a good coating durability characterized 
by surviving at least ?ve consecutive digital rubbing tests. 

This and other aspects of the invention Will become appar 
ent from the folloWing description of the presently preferred 
embodiments. The detailed description is merely illustrative 
of the invention and does not limit the scope of the invention, 
Which is de?ned by the appended claims and equivalents 
thereof. As Would be obvious to one skilled in the art, many 
variations and modi?cations of the invention may be effected 
Without departing from the spirit and scope of the novel 
concepts of the disclosure. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

Reference noW Will be made in detail to the embodiments 
of the invention. It Will be apparent to those skilled in the art 
that various modi?cations and variations can be made in the 
present invention Without departing from the scope or spirit of 
the invention. For instance, features illustrated or described as 
part of one embodiment, can be used on another embodiment 
to yield a still further embodiment. Thus, it is intended that the 
present invention cover such modi?cations and variations as 
come Within the scope of the appended claims and their 
equivalents. Other objects, features and aspects of the present 
invention are disclosed in or are obvious from the folloWing 
detailed description. It is to be understood by one of ordinary 
skill in the art that the present discussion is a description of 
exemplary embodiments only, and is not intended as limiting 
the broader aspects of the present invention. 

Unless de?ned otherWise, all technical and scienti?c terms 
used herein have the same meaning as commonly understood 
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4 
by one of ordinary skill in the art to Which this invention 
belongs. Generally, the nomenclature used herein and the 
laboratory procedures are Well knoWn and commonly 
employed in the art. Conventional methods are used for these 
procedures, such as those provided in the art and various 
general references. Where a term is provided in the singular, 
the inventors also contemplate the plural of that term. The 
nomenclature used herein and the laboratory procedures 
described beloW are those Well knoWn and commonly 
employed in the art. 

“Contact Lens” refers to a structure that canbe placed on or 
Within a Wearer’s eye. A contact lens can correct, improve, or 
alter a user’ s eyesight, but that need not be the case. A contact 
lens can be of any appropriate material knoWn in the art or 
later developed, and can be a soft lens, a hard lens, or a hybrid 
lens. A “silicone hydrogel contact lens” refers to a contact 
lens comprising a silicone hydrogel material. 
The “front or anterior surface” of a contact lens, as used 

herein, refers to the surface of the lens that faces aWay from 
the eye during Wear. The anterior surface, Which is typically 
substantially convex, may also be referred to as the front 
curve of the lens. 
The “rear or posterior surface” of a contact lens, as used 

herein, refers to the surface of the lens that faces toWards the 
eye during Wear. The rear surface, Which is typically substan 
tially concave, may also be referred to as the base curve of the 
lens. 
A “hydrogel” refers to a polymeric material Which can 

absorb at least 10 percent by Weight of Water When it is fully 
hydrated. 
A “silicone hydrogel” refers to a silicone-containing 

hydrogel obtained by copolymerization of a polymerizable 
composition comprising at least one silicone-containing 
vinylic monomer or at least one silicone-containing mac 
romer or at least one crosslinkable silicone-containing pre 
polymer. 

“Hydrophilic,” as used herein, describes a material or por 
tion thereof that Will more readily associate With Water than 
With lipids. 
A “monomer” means a loW molecular Weight compound 

that can be polymerized. LoW molecular Weight typically 
means average molecular Weights less than 700 Daltons. 
A “vinylic monomer”, as used herein, refers to a loW 

molecular Weight compound that has an ethylenically unsat 
urated group and can be polymerized actinically or thermally. 
LoW molecular Weight typically means average molecular 
Weights less than 700 Daltons. 

The term “ole?nically unsaturated group” or “ethylenti 
caly unsaturated group” is employed herein in a broad sense 
and is intended to encompass any groups containing at least 
one >C:C< group. Exemplary ethylenically unsaturated 
groups include Without limitation acryloyl, methacryloyl, 
allyl, vinyl, styrenyl, or other C:C containing groups. 
As used herein, “actinically” in reference to curing or 

polymerizing of a polymerizable composition or material 
means that the curing (e.g., crosslinked and/or polymerized) 
is performed by actinic irradiation, such as, for example, UV 
irradiation, ionized radiation (e.g. gamma ray or X-ray irra 
diation), microWave irradiation, and the like. Thermal curing 
or actinic curing methods are Well-knoWn to a person skilled 
in the art. 
A “hydrophilic vinylic monomer”, as used herein, refers to 

a vinylic monomer Which as a homopolymer typically yields 
a polymer that is Water-soluble or can absorb at least 10 
percent by Weight Water. 
A “hydrophobic vinylic monomer”, as used herein, refers 

to a vinylic monomer Which as a homopolymer typically 
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yields a polymer that is insoluble in Water and can absorb less 
than 10 percent by Weight Water. 
A “macromer” refers to a medium and high molecular 

Weight compound or polymer that contains ethylenically 
unsaturated groups capable of undergoing further polymeriZ 
ing and/ or crosslinking reactions. Medium and high molecu 
lar Weight typically means average molecular Weights greater 
than 700 Daltons. Preferably, a macromer contains ethyleni 
cally unsaturated groups and can be polymeriZed actinically 
or thermally. 
A “prepolymer” refers to a starting polymer Which con 

tains ethylenically unsaturated groups and can be cured (e.g., 
crosslinked and/or polymerized) actinically or thermally to 
obtain a crosslinked and/or polymeriZed polymer having a 
molecular Weight much higher than the starting polymer. 
A “silicone-containing prepolymer” refers to a prepolymer 

Which contains silicone and can be crosslinked upon actinic 
radiation or thermally to obtain a crosslinked polymer having 
a molecular Weight much higher than the starting polymer. 
A “polymer” means a material formed by polymeriZing/ 

crosslinking one or more monomers. 

A “photoinitiator” refers to a chemical that initiates radical 
crosslinking/polymeriZing reaction by the use of light. Suit 
able photoinitiators include, Without limitation, benZoin 
methyl ether, diethoxyacetophenone, a benZoylphosphine 
oxide, 1-hydroxycyclohexyl phenyl ketone, Darocure® 
types, and lrgacure® types, preferably Darocure® 1173, and 
lrgacure® 2959. 
A “thermal initiator” refers to a chemical that initiates 

radical crosslinking/polymeriZing reaction by the use of heat 
energy. Examples of suitable thermal initiators include, but 
are not limited to, 2,2'-aZobis(2,4-dimethylpentanenitrile), 
2,2'-aZobis(2-methylpropanenitrile), 2,2'-aZobis (2-meth 
ylbutanenitrile), peroxides such as benZoyl peroxide, and the 
like. Preferably, the thermal initiator is 2,2'-aZobis(isobuty 
ronitrile) (AIBN). 
An “interpenetrating polymer netWork (lPN)” as used 

herein refers broadly to an intimate netWork of tWo or more 
polymers at least one of Which is either synthesiZed and/or 
crosslinked in the presence of the other(s). Techniques for 
preparing IPN are knoWn to one skilled in the art. For a 
general procedure, see U.S. Pat. Nos. 4,536,554, 4,983,702, 
5,087,392, and 5,656,210, the contents ofWhich are all incor 
porated herein by reference. The polymeriZation is generally 
carried out at temperatures ranging from about room tem 
perature to about 1450 C. 
A “spatial limitation of actinic radiation” refers to an act or 

process in Which energy radiation in the form of rays is 
directed by means of, for example, a mask or screen or com 
binations thereof, to impinge, in a spatially restricted manner, 
onto an area having a Well de?ned peripheral boundary. For 
example, a spatial limitation of UV radiation can be achieved 
by using a mask or screen Which has a transparent or open 
region (unmasked region) surrounded by a UV impermeable 
region (masked region), as schematically illustrated in FIGS. 
1-9 of Us. Pat. No. 6,627,124 (herein incorporated by refer 
ence in its entirety). The unmasked region has a Well de?ned 
peripheral boundary With the unmasked region. 

“Visibility tinting” in reference to a lens means dying (or 
coloring) of a lens to enable the user to easily locate a lens in 
a clear solution Within a lens storage, disinfecting or cleaning 
container. It is Well knoWn in the art that a dye and/or a 
pigment can be used in visibility tinting a lens. 

“Dye” means a substance that is soluble in a solvent and 
that is used to impart color. Dyes are typically translucent and 
absorb but do not scatter light. Any suitable biocompatible 
dye can be used in the present invention. 
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6 
A “Pigment” means a poWdered substance that is sus 

pended in a liquid in Which it is insoluble. A pigment can be 
a ?uorescent pigment, phosphorescent pigment, pearlescent 
pigment, or conventional pigment. While any suitable pig 
ment may be employed, it is presently preferred that the 
pigment be heat resistant, non-toxic and insoluble in aqueous 
solutions. 
The term “?uid” as used herein indicates that a material is 

capable of ?oWing like a liquid. 
“LbL coating”, as used herein, refers to a coating that is not 

covalently attached to a contact lens or a mold half and is 
obtained through a layer-by-layer (“LbL”) deposition of 
polyionic (or charged) and/or non-charged materials on the 
lens or mold half. An LbL coating can be composed of one or 
more layers, preferably one or more bilayers. 

As used herein, a “polyionic material” refers to a polymeric 
material that has a plurality of charged groups or ioniZable 
groups, such as polyelectrolytes, p- and n-type doped con 
ducting polymers. Polyionic materials include both polyca 
tionic (having positive charges) and polyanionic (having 
negative charges) materials. 
The term “bilayer” is employed herein in a broad sense and 

is intended to encompass: a coating structure formed on a 
contact lens or a mold half by alternatively applying, in no 
particular order, one layer of a ?rst polyionic material (or 
charged material) and subsequently one layer of a second 
polyionic material (or charged material) having charges 
opposite of the charges of the ?rst polyionic material (or the 
charged material); or a coating structure formed on a contact 
lens or mold half by alternatively applying, in no particular 
order, one layer of a ?rst charged polymeric material and one 
layer of a non-charged polymeric material or a second 
charged polymeric material. It should be understood that the 
layers of the ?rst and second coating materials (described 
above) may be intertWined With each other in the bilayer. 

Formation of an LbL coating on a contact lens or mold half 
may be accomplished in a number of Ways, for example, as 
described in Us. Pat. Nos. 6,451,871, 6,719,929, 6,793,973, 
6,811,805, 6,896,926 (herein incorporated by references in 
their entirety). 
An “innermost layer”, as used herein, refers to the ?rst 

layer of an LbL coating, Which is applied onto the surface of 
a contact lens or mold half. 

A “capping layer” or “outmost layer”, as used herein, 
refers to the last layer or the sole layer of an LbL coating 
Which is applied onto a contact lens or mold half. 

An “average contact angle” refers to a Water contact angle 
(advancing angle measured by Wilhelmy Plate method), 
Which is obtained by averaging measurements of at least 3 
individual contact lenses. 

As used herein, “increased surface hydrophilicity” or 
“increased hydrophilicity” in reference to a coated contact 
lens means that the coated contact lens has a reduced aver 
aged contact angle relative to an uncoated contact lens, 
Wherein both coated and uncoated contact lens are made of 
the same core material. 

As used herein, “surviving a digital rubbing test” in refer 
ence to a coating on a contact lens means that after digitally 

rubbing the lens With Solo-care® (ClBAVision) or an equiva 
lent, there is no noticeable increase in staining area on the lens 
relative to the staining of a lens of same Without rubbing, as 
described in Example 1. In accordance With the invention, a 
silicone hydrogel contact lens of the invention has a coating 
that is capable of surviving at least 5, preferably at least 10, 
more preferably at least 20, even more preferably at least 25 
consecutive digital rubbing tests. 
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An “antimicrobial agent”, as used herein, refers to a chemi 
cal that is capable of decreasing or eliminating or inhibiting 
the growth of microorganisms such as that term is knoWn in 
the art. 

“Antimicrobial metals” are metals Whose ions have an 
antimicrobial effect and Which are biocompatible. Preferred 
antimicrobial metals include Ag, Au, Pt, Pd, Ir, Sn, Cu, Sb, Bi 
and Zn, With Ag being most preferred. 

“Antimicrobial metal-containing nanoparticles” refer to 
particles having a siZe of less than 1 micrometer and contain 
ing at least one antimicrobial metal present in one or more of 
its oxidation states. 

“Antimicrobial metal nanoparticles” refer to particles 
Which is made essentially of an antimicrobial metal and have 
a siZe of less than 1 micrometer. The antimicrobial metal in 
the antimicrobial metal nanoparticles can be present in one or 
more of its oxidation states. For example, silver-containing 
nanoparticles can contain silver in one or more of its oxida 
tion states, such as AgO,Ag1+, and Ag2+. 

“Stabilized antimicrobial metal nanoparticles” refer to 
antimicrobial metal nanoparticles Which are stabiliZed by a 
stabiliZer during their preparation. StabiliZed antimicrobial 
metal nano-particles can be either positively charged or nega 
tively charged or neutral, largely depending on a material (or 
so-called stabiliZer) Which is present in a solution for prepar 
ing the nano-particles and can stabiliZe the resultant nano 
particles. A stabiliZer can be any knoWn suitable material. 
Exemplary stabiliZers include, Without limitation, positively 
charged polyionic materials, negatively charged polyionic 
materials, polymers, surfactants, salicylic acid, alcohols and 
the like. 

The “oxygen transmissibility” of a lens, as used herein, is 
the rate at Which oxygen Will pass through a speci?c oph 
thalmic lens. Oxygen transmissibility, Dk/t, is conventionally 
expressed in units of barrers/mm, Where t is the average 
thickness of the material [in units of mm] over the area being 
measured and “barrer/mm” is de?ned as: 

The intrinsic “oxygen permeability”, Dk, of a lens material 
does not depend on lens thickness. Intrinsic oxygen perme 
ability is the rate at Which oxygen Will pass through a mate 
rial. Oxygen permeability is conventionally expressed in 
units of barrers, Where “barrer” is de?ned as: 

These are the units commonly used in the art. Thus, in order 
to be consistent With the use in the art, the unit “barrer” Will 
have the meanings as de?ned above. For example, a lens 
having a Dk of 90 barrers (“oxygen permeability barrers”) 
and a thickness of 90 microns (0.090 mm) Would have a Dk/t 
of 100 barrers/mm (oxygen transmissibility barrers/mm). In 
accordance With the invention, a high oxygen permeability in 
reference to a material or a contact lens characterized by 
apparent oxygen permeability of at least 40 barrers or larger 
measured With a sample (?lm or lens) of 100 microns in 
thickness according to a coulometric method described in 
Examples. 

The “ion permeability” through a lens correlates With both 
the Iono?ux Diffusion Coef?cient and the Ionoton Ion Per 
meability Coef?cient. 

The Iono?ux Diffusion Coef?cient, D, is determined by 
applying Fick’s laW as folloWs: 
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8 
Where 

n':rate of ion transport [mol/min] 
A:area of lens exposed [mm2] 
D:Iono?ux Diffusion Coe?icient [mmZ/min] 
dc:concentration difference [mol/L] 
dx?hickness of lens [mm] 
The Ionoton Ion Permeability Coef?cient, P, is then deter 

mined in accordance With the folloWing equation: 

Where: 
C(t):concentration of sodium ions at timet in the receiving 

cell 
C(0):initial concentration of sodium ions in donor cell 
AImembrane area, i.e., lens area exposed to cells 
Vq/olume of cell compartment (3.0 ml) 
d:average lens thickness in the area exposed 
Prpermeability coe?icient 
An Iono?ux Diffusion Coef?cient, D, of greater than about 

1 5x10“6 mm2/min is preferred, While greater than about 2.6x 
10'6 mm2/ min is more preferred and greater than about 6.4x 
l0-6 mm2/min is most preferred. 

It is knoWn that on-eye movement of the lens is required to 
ensure good tear exchange, and ultimately, to ensure good 
corneal health. Ion permeability is one of the predictors of 
on-eye movement, because the permeability of ions is 
believed to be directly proportional to the permeability of 
Water. 

The term “oxyperm component in a polymeriZable com 
position” as used herein, refers to monomers, oligomers, 
macromers, and the like, and mixtures thereof, Which are 
capable of polymeriZing With like or unlike polymeriZable 
materials to form a polymer Which displays a relatively high 
rate of oxygen diffusion therethrough. 

In general, the invention is directed to a cost-effective 
method for making silicone hydrogel contact lenses With 
durable hydrophilic coatings. The invention is partly based on 
the discovery that by ?rst forming a transferable LbL coating 
on the molding surfaces of a mold for making a silicone 
hydrogel contact lens and then by incorporate a selected 
non-crosslinkable hydrophilic polymer in a silicone hydrogel 
lens-forming ?uid composition, a silicone hydrogel contact 
lens With a durable coating can be obtained by cast molding 
Without surface treatment posterior to cast molding. It is 
believed that an internal Wetting agent (i.e., in the lens-form 
ing material) can form an interfacial ?lm at the interface 
betWeen a mold With transferable LbL coating and the lens 
forming composition therein, prior to curing the lens-forming 
composition. Wetting agent in this interfacial ?lm may pen 
etrate into the transfer LbL coating and entangle With coating 
materials in the transferable LbL coating to function as 
anchors for enforcing the bonding (non-covalently bonding) 
of the transfer LbL coating to a formed silicone hydrogel lens. 
The interfacial ?lm of the Wetting agent may also improve the 
intactness of the coating of the resultant lens. It is also 
believed that molecules of an internal Wetting agent in the 
interfacial ?lm should have signi?cant portion(s) (e.g., rela 
tively long tails or dangling polymer chain segments) of its 
structure Which can extend outWardly from the interfacial 
?lm into the lens-forming composition and subsequently can 
be entrapped Within and become entangled With the polymer 
matrix of a formed lens. Such entrapment and entanglements 
of the internal Wetting agent Within the transferable LbL 
coating and the polymer matrix of the resultant lens may 
signi?cantly improve the durability of the coating of the 
resultant silicone hydrogel contact lens. 
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The present invention also provides a method for making a 
silicone hydrogel contact lens, the method comprising the 
steps of: (a) obtaining a mold having a ?rst mold half and a 
second mold half, Wherein the ?rst mold half includes a ?rst 
molding surface and the second mold half includes a second 
molding surface, Wherein the ?rst and second mold halves are 
con?gured to receive each other such that a lens-forming 
cavity is formed betWeen the ?rst molding surface and the 
second molding surface; (b) applying a ?rst transferable LbL 
coating to the ?rst molding surface and a second transferable 
LbL coating to the second molding surface, Wherein each of 
the ?rst and second transferable LbL coatings comprises at 
least one layer of a ?rst polyionic polymeric material and 
optionally at least one layer of a second polyionic material or 
a non-charged hydrophilic polymer With a hydrophobic back 
bone, Wherein the ?rst and second polyionic material each 
have a hydrophobic backbone and multiple ioniZable or 
charged pendant groups, Wherein the ?rst and second poly 
ionic materials have charges opposite to each other; (c) dis 
pensing a silicone hydrogel lens-forming ?uid material into 
the lens-forming cavity of the mold With the ?rst and second 
transferable LbL coatings on their molding surfaces, Wherein 
the silicone-hydrogel lens-forming material comprises a non 
crosslinkable hydrophilic polymer and at least one member 
selected from the group consisting of a silicone-containing 
vinylic monomer, a silicone-containing macromer With eth 
ylenically unsaturated groups, a crosslinkable silicone-con 
taining prepolymer, and mixtures thereof, Wherein the non 
crosslinkable hydrophilic polymer is capable of forming an 
interfacial ?lm at interface betWeen the coated molding sur 
faces and the lens-forming ?uid material; (d) soaking the 
transferable LbL coatings With the lens-forming ?uid mate 
rial for a time period suf?cient both to alloW the non 
crosslinkable hydrophilic polymer in the interface ?lm pen 
etrate into the transferable LbL coatings and to entangle With 
coating materials in the transferable LbL coatings; and (e) 
curing the lens -forming material Within the lens -forming cav 
ity to form the silicone hydrogel contact lens, Whereby the 
transferable LbL coatings detach from the molding surfaces 
and reattaches to the formed silicone hydrogel contact lens 
such that said silicone hydrogel contact lens becomes coated 
With the transferable LbL coatings, Wherein the non 
crosslinkable hydrophilic polymer has a molecular Weight or 
structure that promotes entanglement of the non-crosslink 
able hydrophilic polymer in the interfacial ?lm With the poly 
mer matrix of the formed lens so as to obtain a Wettable 
surface coating With a good coating durability characterized 
by surviving at least ?ve consecutive digital rubbing tests. 

Lens molds for making contact lenses are Well knoWn to a 
person skilled in the art and, for example, are employed in 
cast molding or spin casting. For example, a mold (for cast 
molding) generally comprises at least tWo mold sections (or 
portions) or mold halves, i.e. ?rst and second mold halves. 
The ?rst mold half de?nes a ?rst molding (or optical) surface 
and the second mold half de?nes a second molding (or opti 
cal) surface. The ?rst and second mold halves are con?gured 
to receive each other such that a lens forming cavity is formed 
betWeen the ?rst molding surface and the second molding 
surface. The molding surface of a mold half is the cavity 
forming surface of the mold and in direct contact With lens 
forming material. 

Methods of manufacturing mold sections for cast-molding 
a contact lens are generally Well knoWn to those of ordinary 
skill in the art. The process of the present invention is not 
limited to any particular method of forming a mold. In fact, 
any method of forming a mold can be used in the present 
invention. The ?rst and second mold halves can be formed 
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10 
through various techniques, such as injection molding or 
lathing. Examples of suitable processes for forming the mold 
halves are disclosed in Us. Pat. No. 4,444,711 to Schad; U.S. 
Pat. No. 4,460,534 to Boehm et al.; U.S. Pat. No. 5,843,346 to 
Morrill; and Us. Pat. No. 5,894,002 to Boneberger et al., 
Which are also incorporated herein by reference. 

Virtually all materials knoWn in the art for making molds 
can be used to make molds for making contact lenses. For 
example, polymeric materials, such as polyethylene, 
polypropylene, polystyrene, PMMA, cyclic ole?n copoly 
mers (e.g., Topas® COC from Ticona GmbH of Frankfurt, 
Germany and Summit, N.J.; Zeonex® and Zeonor® from 
Zeon Chemicals LP, Louisville, Ky.), or the like can be used. 
Other materials that alloW UV light transmission could be 
used, such as quartz glass and sapphire. 

In a preferred embodiment, reusable molds are used and 
the silicone-hydrogel lens-forming material is cured actini 
cally under a spatial limitation of actinic radiation to form a 
silicone hydrogel contact lens. Examples of preferred reus 
able molds are those disclosed in Us. Patent Application 
Publication No. US 2004-0178541 A1 and Us. Pat. Nos. 
6,627,124, 6,800,225, Which are incorporated by reference in 
their entireties. 

In accordance With the present invention, an LbL coating 
can be applied to the molding surface of a mold half by 
contacting the molding surface With one or more coating 
solutions according to various methods, such as, for examples 
those methods disclosed in Us. Pat. Nos. 6,451,871, 6,719, 
929, 6,793,973, 6,811,805, 6,896,926, Which are incorpo 
rated herein by references in their entireties. 

Contacting of the molding surface of a mold half With a 
coating solution can occur by dipping it into the coating 
solution or by spraying it With the coating solution. One 
coating process involves solely dip-coating and optionally 
dip-rinsing steps. Another coating process involves solely 
spray-coating and spray-rinsing steps. HoWever, a number of 
alternatives involve various combinations of spray- and dip 
coating and rinsing steps may be designed by a person having 
ordinary skill in the art. 

For example, a solely dip-coating process for forming an 
LbL coating composed of at least one bilayers on the molding 
surface of a mold half involves the steps of: (a) immersing a 
mold half in a ?rst coating solution of a ?rst coating material; 
(b) optionally rinsing the mold half by immersing it in a ?rst 
rinsing solution; (c) immersing the mold half in a second 
coating solution of a second coating material to form a ?rst 
bilayer of the ?rst and second coating materials; (d) option 
ally rinsing the mold half by immersing it in the rinsing 
solution; and (e) optionally repeating steps (a) to (d) for a 
number of times to form additional bilayers. A thicker LbL 
coating can be produced by repeating steps (a) to (d) prefer 
ably for 2 to 40 times. 
The immersion time for each of the coating and optional 

rinsing steps may vary depending on a number of factors. 
Preferably, immersion of the core material into a coating 
solution occurs over a period of about 1 to 30 minutes, more 
preferably about 1 to 20 minutes, and mo st preferably about 1 
to 5 minutes. Rinsing may be accomplished With a plurality of 
rinsing steps, but a single rinsing step, if desired, can be quite 
e?icient. 

Another exemplary coating process for forming an LbL 
coating composed of at least one bilayers on the molding 
surface of a mold half is a single dip-coating process as 
described in Us. Pat. No. 6,793,973. Such single dip-coating 
process involves dipping a mold half in a solution containing 
a ?rst coating material and a second coating material in an 
amount such that the molar charge ratio of said solution is 
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from about 3:1 to about 100:1. Multiple bilayers can be 
formed on the molding surface of a mold half by using this 
single dip-coating process. 
A further exemplary coating process for forming an LbL 

coating composed of at least one bilayers on the molding 
surface of a mold half involves a series of spray coating 
techniques. For example, a solely spray-coating process gen 
erally includes the steps of: (a) spraying the molding surface 
of a mold half With a ?rst coating solution of a ?rst coating 
material; (b) optionally rinsing the mold surface by spraying 
it With a rinsing solution; (c) spraying the molding surface 
With a second coating solution of a second coating material to 
form a ?rst bilayer of the ?rst and second coating materials; 
(d) optionally rinsing the molding surface by spraying it With 
the rinsing solution; (e) optionally repeating steps (a) to (d) 
for a number of times. A thicker LbL coating can be produced 
by repeating steps (a) to (d) preferably for 2 to 40 times. 

The spray coating application may be accomplished via a 
process selected from the group consisting of an air-assisted 
atomiZation and dispensing process, an ultrasonic-assisted 
atomiZation and dispensing process, a pieZoelectric assisted 
atomiZation and dispensing process, an electromechanical jet 
printing process, a pieZo-electric jet printing process, a pieZo 
electric With hydrostatic pressure jet printing process, and a 
thermal jet printing process; and a computer system capable 
of controlling the positioning of the dispensing head of the 
spraying device on the ophthalmic lens and dispensing the 
coating liquid. Those spraying coating processes are 
described in Us. Pat. No. 6,811,805. 

In accordance With the invention, coating materials for 
forming transferable LbL coating include, Without limitation, 
polyionic materials, non-charged polymeric materials, poly 
meriZed vesicles (liposomes and micelles) With surface 
charges, charged antimicrobial metal nanoparticles (prefer 
ably charged silver nano-particles), and charged antimicro 
bial metal-containing nanoparticles (preferably charged sil 
ver-containing nanoparticles). 

The polyionic materials that may be employed in the 
present invention include polyanionic and polycationic poly 
mers With a hydrophobic backbone and charged or ioniZable 
pendant groups. Preferably, the polyionic materials are polya 
nionic polymers. 

Examples of suitable polyanionic polymers include, With 
out limitation a linear polyacrylic acid (PAA), a branched 
polyacrylic acid, a polymethacrylic acid (PMA), a poly 
acrylic acid or polymethacrylic acid copolymer, a maleic or 
fumaric acid copolymer, a poly(styrenesulfonic acid) (PSS). 
Examples of a branched polyacrylic acid include a Carbo 
phil® or Carbopol® type from Goodrich Corp. Examples of 
a copolymer of acrylic or methacrylic acid include a copoly 
meriZation product of an acrylic or methacrylic acid With a 
vinyl monomer including, for example, acrylamide, N,N 
dimethyl acrylamide or N-vinylpyrrolidone. A preferred 
polyanionic polymer With a hydrophobic backbone is a linear 
or branched polyacrylic acid or an acrylic acid copolymer. A 
more preferred anionic polymer is a linear or branched poly 
acrylic acid. A branched polyacrylic acid in this context is to 
be understood as meaning a polyacrylic acid obtainable by 
polymeriZing acrylic acid in the presence of suitable (minor) 
amounts of a di- or multi-vinyl compound. 

Examples of polycationic polymers With a hydrophobic 
backbone include, Without limitation, a polyallylamine 
(PAH), a polyethyleneimine (PEI), a polyvinylamine, a poly 
(vinylbenZyl-tri-Cl-C4-alkylammonium salt), poly(vinylpy 
ridinium salt), polyquat. The above mentioned polymers 
comprise in each case the free amine, a suitable salt thereof as 
Well as any quaterniZed form, if not speci?ed otherWise. 
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Any suitable non-charged hydrophilic polymers With a 

hydrophobic backbone can be used in the invention. They are 
preferably polyvinyl alcohols (PVAs), more preferably a 
homopolymer of a vinyl lactam, a copolymer of at least one 
vinyl lactam in the presence or in the absence of one or more 
hydrophilic vinylic comonomers, or mixtures thereof. 
PVA is a highly biocompatible material used Widely in 

ophthalmic products, especially Wetting drops or arti?cial 
tears for ocular comfort (e. g., HypoTearsTM, etc.). PVAs of all 
kinds, for example those With loW, medium or high polyvinyl 
acetate contents may be employed. Polyvinyl alcohols 
employed in the present invention are knoWn and are com 
mercially available, for example under the brand name 
MoWiol® from KSE (Kuraray Specialties Europe). 

In accordance With the invention, the vinyl lactam has a 
structure of formula (I) 

(I) 

ZXZFO 
& 

Wherein R is an alkylene di-radical having from 2 to 8 carbon 
atoms; R1 is hydrogen, alkyl, aryl, aralkyl or alkaryl, prefer 
ably hydrogen or loWer alkyl having up to 7 carbon atoms, 
and, more preferably, up to 4 carbon atoms, such as, for 
example, methyl, ethyl or propyl; aryl having up to 10 carbon 
atoms, and also aralkyl or alkaryl having up to 14 carbon 
atoms; and R2 is hydrogen or loWer alkyl having up to 7 carob 
atoms and, more preferably, up to 4 carbon atoms, such as, for 
example, methyl, ethyl or propyl. 
A preferred non-charged hydrophilic polymer is a copoly 

mer derived from a vinyl lactam Which is a heterocyclic 
monomer of formula (I) containing from 4 to 6 carbon atoms 
in the heterocyclic ring, or a mixture thereof. A more pre 
ferred non-charged hydrophilic polymer is a copolymer 
derived from a vinyl lactam Which is a heterocyclic monomer 
of formula (I) containing 4 carbon atoms in the heterocyclic 
ring, or a mixture thereof. An even more preferred non 
charged hydrophilic polymer is a copolymer derived from a 
vinyl lactam Which is a heterocyclic monomer of formula (I) 
containing 4 carbon atoms in the heterocyclic ring and 
Wherein R l and R2 are each independently of the other hydro 
gen or loWer alkyl, or a mixture thereof. A most preferred 
non-charged hydrophilic polymer is polyvinylpyrrolidone 
(PVP). 

In accordance With the present invention, coating solutions 
can be prepared in a variety of Ways. Preferably, a coating 
solution can be formed by dissolving a coating material in 
Water. The concentration of a coating material in a solution 
can generally vary depending on the particular materials 
being utiliZed, the desired coating thickness, and a number of 
other factors. It may be typical to formulate a relatively dilute 
aqueous solution of a coating material. For example, a coating 
material concentration can be betWeen about 0.0001% to 
about 0.25% by Weight, betWeen about 0.005% to about 
0.10% by Weight, or betWeen about 0.01% to about 0.05% by 
Weight. 

In order to alter various characteristics of the coating, such 
as thickness, the molecular Weight of the coating materials 
can be varied. In particular, as the molecular Weight is 
increased, the coating thickness generally increases. 
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In accordance With the invention, a transferable LbL coat 
ing comprises at least one layer of a ?rst polyionic material. 
The ?rst polyionic material can be any charged materials, 
such as a polyanionic polymeric material, a polycationic 
polymeric material, polymerized vesicles With surface 
charges, charged antimicrobial metal nanoparticles (prefer 
ably charged silver nano-particles), charged antimicrobial 
metal-containing nanoparticles (preferably charged silver 
containing nanoparticles), or mixtures thereof. The ?rst poly 
ionic material is preferably a polyanionic polymer or a poly 
cationic polymer. 

The transferable LbL coating can further comprises at least 
one layer of a second coating material, Wherein the second 
coating material can be non-covalently bound to the ?rst 
polyionic material. The second coating material can be a 
polyionic material having charges opposite of the ?rst poly 
ionic material or a non-charged polymeric material capable of 
being bound to the ?rst polyionic material as disclosed in US. 
Pat. No. 6,926,965 (herein incorporated by reference in its 
entirety). Preferred non-charged polymeric materials include 
Without limitation homopolymers of a vinyl lactam, copoly 
mers of at least one vinyl lactam in the presence or in the 
absence of one or more hydrophilic vinylic monomers, or 
mixtures thereof. 

In a preferred embodiment, the transferable LbL coating on 
the molding surface comprises one outmost layer of a poly 
ionic polymeric material. 

In another preferred embodiment, the transferable LbL 
coating on the molding surface comprises at least one bilayer 
of a polyanionic polymeric material and a polycationic poly 
meric material. 

In another preferred embodiment, the transferable LbL 
coating on the molding surface comprises at least one bilayer 
of a polyionic polymeric material and a non-charged poly 
meric material capable of being non-covalently bound to the 
polyionic polymeric material. 

In another preferred embodiment, the transferable LbL 
coating on the molding surface comprises at least one layer of 
a lubricious coating material Which is selected from the group 
consisting of PAMAM dendrimers, PAAm-co-PAA, PVP-co 
PAA, glycosaminoglycanes, fucoidan, poly-aspartic acid, 
poly-glutamic acid, carboxymethyl cellulose, carboxymethyl 
dextrans, alginates, pectins, gellan, carboxyalkyl chitins, car 
boxymethyl chitosans, sulfated polysaccharides, glucopro 
teins, and aminoalkylated polysaccharides. 

In a more preferred embodiment, the transferable coating 
comprises at least one layer of polyacrylic acid (PAA) and at 
least one layer of polyvinylpyrrolidone. 
A transferable LbL coating can comprise tWo or more 

bilayers . A preferred number of bilayers in a transferable LbL 
coating are about 2 to about 20 bilayers. While more than 20 
bilayers are possible, it has been found that delamination may 
occur in some LbL coatings having an excessive number of 
bilayers. A more preferred number of bilayers is about 2 to 
about 10 bilayers. 

In a preferred embodiment, the ?rst and second transfer 
able LbL coatings are identical to each other. 

In another preferred embodiment, the ?rst and second 
transferable LbL coatings are different from each other. 
Under such circumstance, a resultant silicone hydrogel con 
tact lens has asymmetrical coatings thereon. As used herein, 
“asymmetrical coatings” on a contact lens refers to the dif 
ferent coatings on the anterior surface and the opposite pos 
terior surface of the contact lens. As used herein, “different 
coatings” refers to tWo coatings that have different composi 
tions. For example, the ?rst transferable LbL coating com 
prises at least one layer of a polyanionic material and at least 
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one layer of a non-charged hydrophilic polymer With a hydro 
phobic backbone, Whereas the second transferable LbL coat 
ing comprises at least one layer of a polyanionic material and 
at least one layer of a polycationic material. With asymmetri 
cal coatings, a contact lens may have different surface prop 
erties and/ or functionalities. 
A “silicone hydrogel lens-forming material” refers to a 

polymeriZable composition Which can be cured (i.e., poly 
meriZed and/or crosslinked) thermally or actinically or 
chemically to obtain a crosslinked silicone-containing poly 
mer. Lens-forming materials are Well knoWn to a person 
skilled in the art. In accordance With the invention, a silicone 
hydrogel lens-forming material comprises at least one sili 
con-containing monomer or macromer, or can be any lens 
formulations for making soft contact lenses. Exemplary lens 
formulations include Without limitation the formulations of 
lotra?lcon A, lotra?lcon B, eta?lcon A, gen?lcon A, lene?l 
con A, polymacon, acqua?lcon A, bala?lcon, seno?lcon A, 
and the like. A lens-forming material can further include other 
components, such as an initiator (e.g., a photoinitiator or a 
thermal initiator), a visibility tinting agent, UV-blocking 
agent, photosensitiZers, and the like. Preferably, a silicone 
hydro gel lens-forming material used in the present invention 
comprises a silicone-containing macromer. 

Examples of silicone-containing monomers include, With 
out limitation, methacryloxyalkylsiloxanes, 3-methacryloxy 
propylpentamethyldisiloxane, bis(methacryloxypropyl)tet 
ramethyl-disiloxane, monomethacrylated polydimethylsi 
loxane, mercapto-terminated polydimethylsiloxane, N-[tris 
(trimethylsiloxy)silylpropyl]acrylamide, N-[tris 
(trimethylsiloxy)silylpropyl]methacrylamide, tris 
(pentamethyldisiloxyanyl)-3-methacrylatopropylsilane 
(T2), and tristrimethylsilyloxysilylpropyl methacrylate 
(TRIS). A preferred siloxane-containing monomer is TRIS, 
Which is referred to 3-methacryloxypropyltris(trimethylsi 
loxy) silane, and represented by CAS No. 17096-07-0. The 
term “TRIS” also includes dimers of 3-methacryloxypropy 
ltris(trimethylsiloxy) silane. 
Any suitable siloxane-containing macromer With ethyleni 

cally unsaturated group(s) can be used to produce a silicone 
hydrogel material. A particularly preferred siloxane-contain 
ing macromer is selected from the group consisting of Mac 
romer A, Macromer B, Macromer C, and Macromer D 
described in US. Pat. No. 5,760,100, herein incorporated by 
reference in its entirety. Macromers that contain tWo or more 
polymeriZable groups (vinylic groups) can also serve as cross 
linkers. Di and triblock macromers consisting of polydimeth 
ylsiloxane and polyakyleneoxides could also be of utility. 
Such macromers could be mono or difunctionaliZed With 

acrylate, methacrylate or vinyl groups. For example one 
might use methacrylate end capped polyethyleneoxide 
block-polydimethylsiloxane-block-polyethyleneoxide to 
enhance oxygen permeability. 

Examples of silicone-containing prepolymers include 
Without limitation those disclosed in US Patent Application 
Publication No. US 2001-0037001 A1 and US. Pat. No. 
6,039,913, Which are incorporated herein by references in 
their entireties. Preferably, the prepolymers used in the inven 
tion are previously puri?ed in a manner knoWn per se, for 
example by precipitation With organic solvents, such as 
acetone, ?ltration and Washing, extraction in a suitable sol 
vent, dialysis or ultra?ltration, ultra?ltration being especially 
preferred. By means of that puri?cation process the prepoly 
mers can be obtained in extremely pure form, for example in 
the form of concentrated aqueous solutions that are free, or at 
least substantially free, from reaction products, such as salts, 
and from starting materials, such as, for example, non-poly 
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meric constituents. The preferred puri?cation process for the 
prepolymers used in the process according to the invention, 
ultra?ltration, can be carried out in a manner knoWn per se. It 
is possible for the ultra?ltration to be carried out repeatedly, 
for example from tWo to ten times. Alternatively, the ultra?l 
tration can be carried out continuously until the selected 
degree of purity is attained. The selected degree of purity can 
in principle be as high as desired. A suitable measure for the 
degree of purity is, for example, the concentration of dis 
solved salts obtained as by-products, Which can be deter 
mined simply in knoWn manner. 

In accordance With the present invention, a silicone hydro 
gel lens-forming material can also comprise a hydrophilic 
vinylic monomer. Nearly any hydrophilic vinylic monomer 
that can act as a plasticiZer can be used in the ?uid composi 
tion of the invention. Among the preferred hydrophilic mono 
mers are N,N-dimethylacrylamide (DMA), 2-hydroxyethyl 
methacrylate (HEMA), hydroxyethyl acrylate, 
hydroxypropyl acrylate, hydroxypropyl methacrylate 
(HPMA), trimethylammonium 2-hydroxy propylmethacry 
late hydrochloride, dimethylaminoethyl methacrylate 
(DMAEMA), dimethylaminoethylmethacrylamide, acryla 
mide, methacrylamide, allyl alcohol, vinylpyridine, glycerol 
methacrylate, N-(l ,1dimethyl-3 -oxobutyl)acrylamide, N-vi 
nyl-2-pyrrolidone (NVP), acrylic acid, methacrylic acid, and 
N,N-dimethyacrylamide (DMA). 
A silicone hydrogel lens-forming material can also com 

prises a hydrophobic monomer. By incorporating a certain 
amount of hydrophobic vinylic monomer in a polymeriZable 
?uid composition, the mechanical properties (e.g., modulus 
of elasticity) of the resultant polymer may be improved. 
A silicone hydrogel lens-forming material can further 

comprise an antimicrobial agent, preferably antimicrobial 
metal nanoparticles, more preferably silver nanoparticles. 

In accordance With the present invention, a silicone hydro 
gel lens-forming material can further comprise various com 
ponents, such as cross-linking agents, a chain transfer agent, 
initiator, UV-absorbers, inhibitors, ?llers, visibility tinting 
agents (e.g., dyes, pigments, or mixtures thereof), and the 
like, as knoWn to a person skilled in the art. 

In accordance With the present invention, a silicone hydro 
gel lens-forming material can be a solution or a solvent-free 
liquid or melt at a temperature beloW 90° C. A person skilled 
in the art Will knoWn Well hoW to prepare silicone hydrogel 
lens-forming material. 

In accordance With the present invention, a silicone hydro 
gel lens-forming material can be a solution or a solvent-free 
liquid or melt at a temperature beloW 60° C. 

Any non-crosslinkable hydrophilic polymers can be used 
in the invention. Exemplary non-crosslinkable hydrophilic 
polymers include, but are not limited to, polyvinylalcohols 
(PVAs), polyethylene oxide, polyethylene-polypropylene 
block copolymers, polyamides, polyimides, polylactone, a 
homopolymer of a vinyl lactam of formula (I) shoWn above, 
a copolymer of at least one vinyl lactam of formula (I) shoWn 
above in the presence or in the absence of one or more hydro 
philic vinylic comonomers, a homopolymer of acrylamide or 
methaacrylamide, a copolymer of acrylamide or methacryla 
mide With one or more hydrophilic vinylic monomers, mix 
tures thereof. 

A non-crosslinkable hydrophilic polymer is present in the 
silicone hydrogel lens-forming material in an amount su?i 
cient to render a formed silicone hydrogel lens having a 
Wettable and durable coating, for example, in an amount of 
from about 0.5% to about 10% by Weight, preferably from 
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about 1% to about 8.0% by Weight, and more preferably from 
about 3% to about 6% by Weight, each based on the entire 
Weight of the composition. 
The number-average molecular weight M” of a non 

crosslinkable hydrophilic polymer is at least 40000 daltons, 
preferably at least 80000 daltons, more preferably at least 
100000 daltons, even more preferably at least 250000 dal 
tons. 

Examples of hydrophilic polymers include but are not lim 
ited to polyvinylalcohol (PVA), polyethylene oxide (i.e., 
polyethyleneglycol (PEG)), poly-N-vinyl pyrrolidone, poly 
N-vinyl-2-piperidone, poly-N-vinyl-2-caprolactam, poly-N 
vinyl-3-methyl-2-caprolactam, poly-N-vinyl-3-methyl-2-pi 
peridone, poly-N-vinyl-4-methyl-2-piperidone, poly-N 
vinyl-4-methyl-2-caprolactam, poly-N-vinyl-3-ethyl-2 
pyrrolidone, and poly-N-vinyl4,5-dimethyl-2-pyrrolidone, 
polyvinylimidaZole, poly-NiN-dimethylacrylamide, poly 
acrylic acid, poly 2 ethyl oxaZoline, heparin polysaccharides, 
polysaccharides, a polyoxyethylene derivative, mixtures 
thereof. 
A suitable polyoxyethylene derivative is, for example, a 

n-alkylphenyl polyoxyethylene ether, n-alkyl polyoxy-ethyl 
ene ether (e.g., TRITON®), polyglycol ether surfactant 
(TERGITOL®), polyoxyethylenesorbitan (e.g., TWEEN®), 
polyoxyethylated glycol monoether (e.g., BRIJ®, polyoxyl 
ethylene 9 lauryl ether, polyoxylethylene 10 ether, polyoxy 
lethylene 10 tridecyl ether), or a block copolymer of ethylene 
oxide and propylene oxide (e. g. poloxamers or poloxamines). 
A class of preferred polyoxyethylene derivatives used in 

the present invention are polyethylene-polypropylene block 
copolymers, in particular poloxamers or poloxamines Which 
are available, for example, under the tradename PLU 
RONIC®, PLURONIC-R®, TETRONIC®), TETRONIC 
R® or PLURADOT®. 

Poloxamers are triblock copolymers With the structure 
PEO-PPO-PEO (Where “PEO” is poly(ethylene oxide) and 
“PPO” is poly(propylene oxide). A considerable number of 
poloxamers is knoWn, differing merely in the molecular 
Weight and in the PEO/PPO ratio; Examples are poloxamer 
101,105,108,122,123,124,181,182,183,184,185,188, 
212, 215, 217, 231, 234, 235, 237, 238, 282, 284, 288, 331, 
333, 334, 335, 338, 401, 402, 403 and 407. The poloxamers 
may be used in the process of the invention irrespective of 
their PEO/PPO ratio; for example, poloxamer 101 having a 
PEO/PPO Weight ratio of about 10/90 and poloxamer 108 
having a PEO/PPO Weight ratio of about 80/20 both have 
been found to be valuable as non-crosslinkable polymer in the 
aqueous solution according to step a). 
The order of polyoxyethylene and polyoxypropylene 

blocks can be reversed creating block copolymers With the 
structure PPO-PEO-PPO, Which are knoWn as PLURONIC 
R® polymers. 

Poloxamines are polymers With the structure (PEO-PPO)2 
Ni(CH2)2iN-(PPO-PEO)2 that are available With different 
molecular Weights and PEO/PPO ratios. Again, the order of 
polyoxyethylene and polyoxypropylene blocks can be 
reversed creating block copolymers With the structure (PPO 
PEO)2-Ni(CH2)2iN-(PEO-PPO)2, Which are knoWn as 
TETRONIC-R® polymers. 

Polyoxypropylene-polyoxyethylene block copolymers 
can also be designed With hydrophilic blocks comprising a 
random mix of ethylene oxide and propylene oxide repeating 
units. To maintain the hydrophilic character of the block, 
ethylene oxide Will predominate. Similarly, the hydrophobic 
block can be a mixture of ethylene oxide and propylene oxide 
repeating units. Such block copolymers are available under 
the tradename PLURADOT®. 
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PVA is a highly biocompatible material used Widely in 
ophthalmic products, especially Wetting drops or arti?cial 
tears for ocular comfort (e.g., HypoTearsTM, etc.). Non 
crosslinkable PVAs of all kinds, for example those With loW, 
medium or high polyvinyl acetate contents may be employed. 
The non-crosslinkable polyvinyl alcohols employed in the 
present invention are knoWn and are commercially available, 
for example under the brand name MoWiol® from KSE 
(Kuraray Specialties Europe). 

Preferably, a silicone-hydrogel lens-forming material 
comprises at least one high molecular Weight non-crosslink 
able PVA With a Mn of from above 50000 to 100000, prefer 
ably from above 50000 to 75000 and at least one loW molecu 
lar Weight non-crosslinkable PVA With a Mn of from 25000 to 
50000, preferably from 30000 to 50000. 

In case of tWo or more different non-crosslinkable PVAs, 
the total amount thereof in the composition is as described 
before including the preferences given. The Weight propor 
tion of the loWer molecular Weight and higher molecular 
Weight non-crosslinkable PVA may vary Within broad ranges, 
but is, for example, from 1:1 to 5:1, preferably from 1:1 to 4: 1, 
and in particular from 1:1 to 3:1. 
A mixture of non-crosslinkable PVAs and polyethyleneg 

lycol (PEG) can be used in the invention. PVA and PEG may 
have synergy for enhancing surface Wettability of a silicone 
hydrogel contact lens. 

In accordance With the present invention, a silicone hydro 
gel lens-forming material can further comprise various com 
ponents, such as cross-linking agents, initiator, UV-absorb 
ers, inhibitors, ?llers, visibility tinting agents (e.g., dyes, 
pigments, or mixtures thereof), and the like. 

Cross-linking agents may be used to improve structural 
integrity and mechanical strength. Examples of cross-linking 
agents include Without limitation allyl(meth)acrylate, loWer 
alkylene glycol di(meth)acrylate, poly loWer alkylene glycol 
di(meth)acrylate, loWer alkylene di(meth)acrylate, divinyl 
ether, divinyl sulfone, di- or trivinylbenzene, trimethylolpro 
pane tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, 
bisphenol A di(meth)acrylate, methylenebis(meth)acryla 
mide, triallyl phthalate or diallyl phthalate. A preferred cross 
linking agent is ethylene glycol dimethacrylate (EGDMA). 

The amount of a cross-linking agent used is expressed in 
the Weight content With respect to the total polymer and is 
preferably in the range from 0.05 to 5%, and more preferably 
in the range from 0.1 to 2%. 

Initiators, for example, selected from materials Well knoWn 
for such use in the polymerization art, may be included in the 
polymerizable ?uid composition in order to promote, and/or 
increase the rate of, the polymerization reaction. An initiator 
is a chemical agent capable of initiating polymerization reac 
tions. The initiator can be a photoinitiator or a thermal initia 
tor. 

A photoinitiator can initiate free radical polymerization 
and/or crosslinking by the use of light. Suitable photoinitia 
tors are benzoin methyl ether, diethoxyacetophenone, a ben 
zoylphosphine oxide, 1-hydroxycyclohexyl phenyl ketone 
and Darocur and Irgacur types, preferably Darocur 1173® 
and Darocur 2959®. Examples of benzoylphosphine initia 
tors include 2,4,6-trimethylbenzoyldiphenylophosphine 
oxide; bis-(2,6-dichlorobenzoyl)-4-N-propylphenylphos 
phine oxide; and bis-(2,6-dichlorobenzoyl)-4-N-butylphe 
nylphosphine oxide. Reactive photoinitiators Which can be 
incorporated, for example, into a macromer or can be used as 
a special monomer are also suitable. Examples of reactive 
photoinitiators are those disclosed in EP 632 329, herein 
incorporated by reference in its entirety. The polymerization 
can then be triggered off by actinic radiation, for example 
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light, in particular UV light of a suitable Wavelength. The 
spectral requirements can be controlled accordingly, if appro 
priate, by addition of suitable photosensitizers 

Examples of suitable thermal initiators include, but are not 
limited to, 2,2'-azobis (2,4-dimethylpentanenitrile), 2,2'-azo 
bis(2-methylpropanenitrile), 2,2'-azobis(2-methylbutaneni 
trile), peroxides such as benzoyl peroxide, and the like. Pref 
erably, the thermal initiator is azobisisobutyronite (AIBN). 

Examples of preferred pigments include any colorant per 
mitted in medical devices and approved by the FDA, such as 
D&C Blue No. 6, D&C Green No. 6, D&C Vrolet No. 2, 
carbazole violet, certain copper complexes, certain chro 
mium oxides, various iron oxides, phthalocyanine green, 
phthalocyanine blue, titanium dioxides, etc. See Marmiom D 
M Handbook of US. Colorants for a list of colorants that may 
be used With the present invention. A more preferred embodi 
ment of a pigment include (CI. is the color index no.), With 
out limitation, for a blue color, phthalocyanine blue (pigment 
blue 15:3, CI. 74160), cobalt blue (pigment blue 36, CI. 
77343), Toner cyan BG (Clariant), Permaj et blue B2G (Clari 
ant); for a green color, phthalocyanine green (Pigment green 
7, CI. 74260) and chromium sesquioxide; for yelloW, red, 
broWn and black colors, various iron oxides; PR122, PY154, 
for violet, carbazole violet; for black, Monolith black C-K 
(CIBA Specialty Chemicals). 

In a preferred embodiment, a polymerizable ?uid compo 
sition suitable for making an ophthalmic device Will include 
(a) about 20 to 40 Weight percent of a siloxane-containing 
macromer With ethylenically unsaturated groups, (b) about 5 
to 30 Weight percent of a siloxane-containing vinylic mono 
mer, and (c) about 10 to 35 Weight percent of a hydrophilic 
monomer. More preferably, the siloxane-containing vinylic 
monomer is TRIS. 

In another preferred embodiment, Where a lens-forming 
material is a solution (dissolved in Water, a mixture of Water 
and a Water miscible organic solvent, or an organic solvent), 
solvent-free liquid, or melt of one or more silicone-containing 
prepolymers With ethylenically unsaturated groups option 
ally in presence of other components, reusable molds are used 
and the lens-forming material is cured actinically under a 
spatial limitation of actinic radiation to form a contact lens. 
Examples of silicone-containing prepolymers include With 
out limitation those disclosed in US Patent Application Pub 
lication No. US 2001-0037001 A1 and US. Pat. No. 6,039, 
913, Which are incorporated herein by references in their 
entireties. Examples of preferred reusable molds are those 
disclosed in US. Patent Application Publication No. US 
2004-0178541 A1 and US. Pat. Nos. 6,627,124, 6,800,225, 
Which are incorporated by reference in their entireties. In this 
preferred embodiment, preferably the lens-forming material 
is substantially free of vinylic monomers and the silicone 
containing prepolymer is substantially puri?ed prior to mak 
ing the lens-forming material (formulation). As such, no 
extraction step is necessary after cast-molding step and the 
production cost can be reduced. 

In this case, the lens-forming material is put into a mold 
consisting of tWo mold halves, the tWo moldhalves not touch 
ing each other but having a thin gap of annular design 
arranged betWeen them. The gap is connected to the mold 
cavity, so that excess lens material can ?oW aWay into the gap. 
Instead of polypropylene molds that can be used only once, it 
is possible for reusable quartz, glass, sapphire molds to be 
used, since, folloWing the production of a lens, these molds 
can be cleaned rapidly and effectively off the uncrosslinked 
prepolymer and other residues, using Water or a suitable sol 
vent, and can be dried With air. Reusable molds can also be 
made of a cyclic ole?n copolymer, such as for example, 
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Topas® COC grade 8007-S10 (clear amorphous copolymer 
of ethylene and norbornene) from Ticona GmbH of Frankfurt, 
Germany and Summit, N.J., Zeonex® and Zeonor® from 
Zeon Chemicals LP, Louisville, Ky. Because of the reusabil 
ity of the mold halves, a relatively high outlay can be 
expended at the time of their production in order to obtain 
molds of extremely high precision and reproducibility. Since 
the mold halves do not touch each other in the region of the 
lens to be produced, i.e. the cavity or actual mold faces, 
damage as a result of contact is ruled out. This ensures a high 
service life of the molds, Which, in particular, also ensures 
high reproducibility of the contact lenses to be produced. 

The tWo opposite surfaces (anterior surface and posterior 
surface) of a contact lens are de?ned by the tWo molding 
surfaces While the edge is de?ned by the spatial limitation of 
actinic irradiation rather than by means of mold Walls. Typi 
cally, only the lens -forming material Within a region bound by 
the tWo molding surfaces and the projection of the Well 
de?ned peripheral boundary of the spatial limitation is 
crosslinked Whereas any lens-forming material outside of and 
immediately around the peripheral boundary of the spatial 
limitation is not crosslinked, and thereby the edge of the 
contact lens should be smooth and precise duplication of the 
dimension and geometry of the spatial limitation of actinic 
radiation. Such method of making contact lenses are 
described in US. Patent Application Publication No. US 
2004-0178541A1 and US. Pat. Nos. 6,627,124, 6,800,225, 
Which are incorporated by reference in their entireties. 
A spatial limitation of actinic radiation (or the spatial 

restriction of energy impingement) can be effected by mask 
ing for a mold that is at least partially impermeable to the 
particular form of energy used, as illustrated in US. Pat. Nos. 
6,627,124, 6,800,225 (herein incorporated by reference in 
their entireties) or by a mold that is highly permeable, at least 
at one side, to the energy form causing the crosslinking and 
that has mold parts being impermeable or of poor permeabil 
ity to the energy, as illustrated in US. Patent Application 
Publication No. US 2004-0178541 A1 and US. Pat. Nos. 
6,627,124, 6,800,225 (herein incorporated by reference in 
their entireties). The energy used for the crosslinking is radia 
tion energy, especially UV radiation, gamma radiation, elec 
tron radiation or thermal radiation, the radiation energy pref 
erably being in the form of a substantially parallel beam in 
order on the one hand to achieve good restriction and on the 
other hand e?icient use of the energy. 

In another preferred embodiment, a silicone hydrogel lens 
forming material further comprises at least one antimicrobial 
agent, preferably silver nanoparticles in an amount suf?cient 
to impart to the resultant silicone hydrogel material an anti 
microbial activity characterized by having at least a 5-fold 
reduction (280% inhibition), preferably at least a 1-log 
reduction (290% inhibition), more preferably at least a 2-log 
reduction (299% inhibition), of viable microorganisms (e.g., 
Pseudomonas aeruginosa GSU # 3, or Staphylococcus 
aureus ATCC #6538), preferably by having a prolong anti 
microbial activity (i.e., effective antimicrobial activity after 
direct contact With a body ?uid over an extended period of 
time). Antimicrobial activity can be determined according to 
procedure described in the Examples of US. Patent Applica 
tion Publication No. US 2005-0013842 A1 (herein incorpo 
rated by reference in its entirety). 
As used herein, a “prolong antimicrobial activity” is char 

acteriZed by having at least a 5-fold reduction (280% inhi 
bition), preferably at least a 1-log reduction (2 90% inhibi 
tion), more preferably at least a 2-log reduction (299% 
inhibition), of viable microorganisms (e.g., Pseudomonas 
aeruginosa GSU # 3, or Staphylococcus aureus ATCC 
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#6538) after at least 5, preferably at least 10, more preferably 
at least 20, even more preferably at least 30 consecutive 
soaking/rinsing cycles, each cycle comprising soaking/rins 
ing one lens in a phosphate buffered saline (PBS) for a period 
of time from about 24 to about 72 hours, as shoWn in the 
Examples of US. Patent Application Publication No. US 
2005-0013842 A1 (herein incorporated by reference in its 
entirety). 

In accordance With the invention, the soaking time is pref 
erably shorter than about 20 minutes, more preferably shorter 
than about 10 minutes, even more preferably shorter than 
about 5 minutes. 

In a preferred embodiment, the lens -forming ?uid material 
has a temperature of from about 450 C. to about 950 C. At such 
a relative high temperature, the soaking of the transferable 
LbL coatings With the lens-forming ?uid material can be 
accelerated. Moreover, it is believed that at a relatively high 
temperature, the structure of the non-crosslinkable hydro 
philic polymer may not be tightly compact (or aggregated) 
but may likely be extended (i.e., With the chains extending 
out) so that portions of the non-crosslinkable hydrophilic 
polymer in the interfacial ?lm can extend into the polymer 
matrix of a formed lens, thereby increasing the durability of 
the coatings on the formed contact lenses. 
A resultant contact lens has a Wettable and durable coating 

characterized by surviving at least 5 consecutive digital rub 
bing tests. 
A resultant contact lens has an oxygen permeability of at 

least 40 barres, preferably at least about 50 barrers, more 
preferably at least about 65 barrers, even more preferably at 
least about 80 barrers. In accordance With the invention, an 
oxygen permeability is an apparent (directly measured When 
testing a sample With a thickness of about 100 microns) 
oxygen permeability according to procedures described in 
Examples. 
A resultant contact lens can further have a elastic modulus 

of about 1.5 MPa or less, preferably about 1.2 MPa or less, 
more preferably about 1.0 or less, even more preferably from 
about 0.4 MPa to about 1.0 MPa. 
A resultant contact lens further has an Iono?ux Diffusion 

Coef?cient, D, of, preferably at least about 1.5><10_6 mm2/ 
min, more preferably at least about 2.6><10_6 mmZ/min, even 
more preferably at least about 6.4><10_6 mmZ/min. 
A resultant contact lens further has a Water content of 

preferably from about 18% to about 55%, more preferably 
from about 20% to about 38% by Weight When fully hydrated. 
The Water content of a silicone hydrogel contact lens can be 
measured according to Bulk Technique as disclosed in US. 
Pat. No. 5,849,811. 

In another aspect, the invention provide a method for mak 
ing for making a silicone hydrogel contact lens, comprising 
the steps of: (a) cast-molding a silicone hydrogel contact lens 
from a silicone hydrogel lens-forming material, Wherein the 
silicone-hydrogel lens-forming material comprises a non 
crosslinkable hydrophilic polymer With a hydrophobic back 
bone and at least one member selected from the group con 
sisting of a silicone-containing vinylic monomer, a silicone 
containing macromer With ethylenically unsaturated groups, 
a crosslinkable silicone-containing prepolymer, and mixtures 
thereof; (b) applying a LbL coating onto the resultant silicone 
hydrogel contact lens at a temperature from about 450 C. to 
about 950 C., Wherein the LbL coating comprises at least one 
layer of a ?rst polyionic polymeric material and optionally at 
least one layer of a second polyionic material or a non 
charged hydrophilic polymer With a hydrophobic backbone, 
Wherein the ?rst and second polyionic material each have a 
hydrophobic backbone and multiple ioniZable or charged 
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pendant groups, wherein the non-crosslinkable hydrophilic 
polymer has a molecular Weight or structure that promotes 
entanglement of the non-crosslinkable hydrophilic polymer 
in the interfacial ?lm With the polymer matrix of the formed 
lens so as to obtain a Wettable surface coating With a good 

coating durability characterized by surviving at least ?ve 
consecutive digital rubbing tests. 

Although the inventors do not Wish to be bound by any 
particular theory, it is believed that Where a non-crosslinkable 
hydrophilic polymer is incorporated in a silicone hydrogel 
lens-forming ?uid material for cast-molding of lenses, an 
interfacial ?lm composed of non-crosslinkable hydrophilic 
polymer can be formed at the interface betWeen the lens 
forming material and the molding surface of a mold prior to 
polymeriZation (curing). Such interfacial ?lm of non 
crosslinkable hydrophilic polymer can become the integral 
part of the resultant lens if the non-crosslinkable hydrophilic 
polymer has a high molecular Weight or a structure to ensure 
that portions (e.g., relatively long tails or dangling polymer 
chain segments) of the non-crosslinkable molecules are 
entrapped Within and become entangled With the polymer 
matrix of a formed lens. Such interfacial ?lm (or coating) on 
the lens may not be intact and/or durable. But, by applying an 
LbL coating on top of this interfacial ?lm at a relatively high 
temperature (e. g., a temperature of from about 45° C. to about 
95° C.), one can obtain a neW coating With greatly improved 
intactness and durability. It is also believed that at a relatively 
high temperature, the structure of the non-crosslinkable 
hydrophilic polymer in the interfacial ?lm tends to be 
extended so as to facilitate the hydrophobic-hydrophobic 

interactions betWeen the hydrophobic backbones of LbL 
coating materials and the non-crosslinkable hydrophilic poly 
mer. As such, the LbL coating materials intertWine With non 
crosslinkable hydrophilic material to form a neW coating on 

the lens surface to provide improved intactness and durability. 

In accordance With the invention, the phrase “applying an 
LbL coating onto the resultant silicone hydrogel contact lens 
at a temperature of from about 45° C. to about 95° C.” is 
intended to describe that the LbL coating is formed by con 
tacting the lens With one or more LbL coating solutions hav 
ing a temperature of from about 45° C. to about 95° C. The 
temperature of a coating solution is preferably above 50° C., 
more preferably above about 60° C., even more preferably 
above about 70° C., most preferably at about 80° C. or above. 

In a preferred embodiment, the cast-molding step is carried 
out at a temperature of from about 45° C. to about 95° C. 
Cast-molding at a relatively high temperature can ensure that 
an interfacial ?lm of the non-crosslinkable hydrophilic poly 
mer is formed in a shorter time period at the interface betWeen 
a silicone-hydrogel lens-forming material and a mold and that 
greater portions of the non-crosslinkable hydrophilic poly 
mer in the interfacial ?lm can extend into the polymer matrix 
of a formed lens. 

In a further aspect, the invention provides a silicone hydro 
gel contact lens made according to a method of the invention 
described above. 

The previous disclosure Will enable one having ordinary 
skill in the art to practice the invention. In order to better 
enable the reader to understand speci?c embodiments and the 
advantages thereof, reference to the folloWing examples is 
suggested. 
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Example 1 

Synthesis of Macromer 

51.5 g (50 mmol) of the per?uoropolyether Fomblin® 
ZDOL (fromAusimont S.p.A, Milan) having a mean molecu 
lar Weight of 1030 g/mol and containing 1.96 meq/g of 
hydroxyl groups according to end-group titration is intro 
duced into a three-neck ?ask together With 50 mg of dibutyl 
tin dilaurate. The ?ask contents are evacuated to about 20 
mbar With stirring and subsequently decompressed With 
argon. This operation is repeated tWice. 22.2 g (0.1 mol) of 
freshly distilled isophorone diisocyanate kept under argon are 
subsequently added in a counterstream of argon. The tem 
perature in the ?ask is kept beloW 30° C. by cooling With a 
Waterbath. After stirring overnight at room temperature, the 
reaction is complete. Isocyanate titration gives an NCO con 
tent of 1.40 meq/g (theory: 1.35 meq/g). 

202 g of the 0t,uu-hydroxypropyl-terminated polydimeth 
ylsiloxane KF-6001 from Shin-Etsu having a mean molecular 
Weight of 2000 g/mol (1 .00 meq/ g of hydroxyl groups accord 
ing to titration) are introduced into a ?ask. The ?ask contents 
are evacuated to approx. 0.1 mbar and decompressed With 
argon. This operation is repeated tWice. The degassed silox 
ane is dissolved in 202 ml of freshly distilled toluene kept 
under argon, and 100 mg of dibutyltin dilaurate (DBTDL) are 
added. After complete homogeniZation of the solution, all the 
per?uoropolyether reacted With isophorone diisocyanate 
(IPDI) is added under argon. After stirring overnight at room 
temperature, the reaction is complete. The solvent is stripped 
off under a high vacuum at room temperature. Microtitration 
shoWs 0.36 meq/ g of hydroxyl groups (theory 0.37 meq/ g). 

13.78 g (88.9 mmol) of 2-isocyanatoethyl methacrylate 
(IEM) are added under argon to 247 g of the 0t,o-hydroxypro 
pyl-terminated polysiloxane-per?uoropolyether-polysilox 
ane three-block copolymer (a three-block copolymer on sto 
ichiometric average, but other block lengths are also present). 
The mixture is stirred at room temperature for three days. 
Microtitration then no longer shoWs any isocyanate groups 
(detection limit 0.01 meq/ g). 0.34 meq/ g of methacryl groups 
is found (theory 0.34 meq/g). 
The macromer prepared in this Way is completely colorless 

and clear. It can be stored in air at room temperature for 
several months in the absence of light Without any change in 
molecular Weight. 

Example 2 

Lens formulationAl comprises the folloWing components: 
about 40.9% by Weight of macromer prepared in Example 1, 
about 16.4% by Weight of TRIS, about 24.6% by Weight of 
DMA, about 17.6% by Weight of ethanol, and about 0.5% by 
Weight of Darocure® 1173. 

Lens formulation A2 is prepared by adding about 1% by 
Weight of polyvinylpyrrolidone (PVP K90) in the A1 lens 
formulation. 

Lens Formulation A3 is prepared by adding about 5% by 
Weight of PVP K90 in the A1 lens formulation. 

Lens Formulation A4 is prepared by adding about 8% by 
Weight of PVP K90 in the A1 lens formulation. 

Example 3 

Preparation of Polyacrylic Acid (PAA) Solutions 

A solution of polyacrylic acid is prepared by adding 1.154 
grams (25% PAA solution, 90K, MW: 72.07 from Poly 
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science, Inc.) into 4000 ml of Water. This solution is divided 
into 3 parts: B1 (337 ml); B2 (3300 ml); and B3 (363 ml). The 
pH ofBl is adjusted to pH:6.0; the pH of B2 is adjusted to 
pH:2.0; the pH of B3 is adjusted to pH:2.0. 

Preparation of Poly(allylamine hydrochloride) (PAH) solu 
tions: A solution of PAH of polyacrylic acid is prepared by 
adding 0.346 grams PAH (Aldrich MW~70 k) in 3700 ml of 
Water. This solution is divided into 2 parts: C1 (330 ml) and 
C2 (3370 ml). The pH ofCl is adjusted to pH:2.0; the pH of 
C2 is adjusted to pH:6.0. 

Preparation of PAA/PAH solution: A solution of PAA/PAH is 
prepared by sloWly adding 330 ml of C1 (PAH, pH:2.0) into 
3300 ml of B2 (PAA, pH:2.0). Mix thoroughly the resultant 
solution and then ?lter the solution. 

Preparation of PAH/PAA solution: A solution of PAH/PAA is 
prepared by sloWly adding 337 ml of B1 (PAA, pH:6.0) into 
3370 ml of C2 (PAH, pH:6.0). Mix thoroughly the resultant 
solution and then ?lter the solution. 

Example 4 

This example teaches the coating procedures used in the 
experiments. 

Presoak the mold halves (or lenses) for 15 minutes in B3 
(PAA solution, pH:2.0) prepared in Example 3, prior to plac 
ing them in a tray (i.e., pre-conditioning step). Load the 
preconditioned mold halves (or lenses) into the carrier trays 
and agitate for 5 minutes in each solution bath in the folloW 
ing sequence: Bath # 1 PA/ PAH (pH:2.0); Bath # 2 PAH/PAA 
(pH:6.0); Bath # 2 PA/PAH (pH:2.0); Bath # 4 PAH/PAA 
(pH:6.0); Bath # 5 PAA/PAH (pH:2.0); Bath # 6 PAH/PAA 
(pH:6.0); Bath # 7 PA/PAH (pH:2.0); Bath # 8 PAH/PAA 
(pH:6.0); and Bath # 9 PA/PAH (pH:2.0). Transfer mold 
halves (or lenses) into a saline. 

Example 5 

Surface Hydrophilicity (Wettability) Tests 

Water contact angle on a contact lens is a general measure 
of the surface hydrophilicity (or Wettability) of the contact 
lens. In particular, a loW Water contact angle corresponds to 
more hydrophilic surface. Contact angles (Water), both 
advancing and receding contact angles, of contact lenses are 
measured by Wilhelmy Plate. The measurements are per 
formed on fully hydrated contact lenses and immediately 
after blot-drying. Average contact angles are obtained by 
averaging measurements of three contact lenses. 

Coating lntactness Tests 
The intactness of a coating on the surface of a contact lens 

can be tested according to Sudan Black stain test as folloWs. 
Contact lenses With a coating (an LbL coating, a plasma 
coating, or any other coatings) are dipped into a Sudan Black 
dye solution (Sudan Black in vitamin E oil). Sudan Black dye 
is hydrophobic and has a great tendency to be adsorbed by a 
hydrophobic material or onto a hydrophobic lens surface or 
hydrophobic spots on a partially coated surface of a hydro 
phobic lens (e.g., silicone hydrogel contact lens). If the coat 
ing on a hydrophobic lens is intact, no staining spots should 
be observed on or in the lens. All of the lenses under test are 
fully hydrated. 

Coating Durability Tests 
The lenses are digitally rubbed 30 times With Aquify® 

multi-purpose lens care solution and then rinsed With Soft 
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Wear®) saline. The digitally rubbed lenses are then soaked in 
SoftWear® saline for 30 minutes and the procedure repeated 
until 30 digital rubbing and soaking cycles had been com 
pleted. The lenses are then subjected to Sudan Black test (i.e., 
coating intactness test described above) to examine Whether 
the coating is still intact. 

Example 6 

Experiments are carried out to determine the surface 
hydrophilicity of contact lenses prepared using lens mold 
halves With an LbL coating and Without LbL coating. The 
results are shoWn in Table I. 

TABLE 1 

Coating Coating 
Exp. Lens of mold Temperature ContactAngles degrees 

No. Formulation halves (0 C.) Advancing Receding 

1 A1 Yes Room 106 r 3 49 r 3 

temperature 
2 A1 No N/A 108 z 7 54 z 4 

3 A2 No N/A 108 z 7 54 z 4 
4 A3 No N/A 85 z 9 55 z 8 
5 A4 No N/A 103 :3 51 :4 
6 A2 Yes Room 72 r 4 40 r 11 

temperature 
A2 Yes 80 70 z 9 45 _ 8 

8 A3 Yes Room 46 9 40 7 
temperature 

9 A3 Yes 80 51 z 6 48 
10 A1 No Room 29 r 5 21 3 

temperature 
11 A1 No 80 20 t 6 9 t 9 
12* A4 Yes Room 90 4 43 9 

temperature 
13* A4 Yes 80 82 z 8 41 _ 4 

14 A1 Yes Room 116 r 14 53 

temperature 

*At this PVP concentration, PVP did not mix thoroughly With the lens formulation and 
formed a separate phase. 

Polypropylene molds have been used for making lenses. 
An amount of a lens formulation is introduced into each 
polypropylene molds and cured for a desired period of time, 
e.g., from about 15 to about 30 minutes, under UV light to 
form contact lenses. 

Mold halves in experiments 1, 6-9, and 12-13 are coated 
according to the coating procedure described in Example 4 at 
a temperature indicated in Table I (coating solution tempera 
ture). The resultant mold halves have theoretically 91/2 bilay 
ers (PA/(PAH/PAA)9. Those mold halves are then used to cast 
mold lenses using a lens formulation indicated in Table 1. 
Mold halves in experiment 14 are coated by spraying coat 

ing using a spray mister as folloWs. Molds halve are placed on 
a tray, misted With the 1% PVP k90 solution, and then placed 
into an oven set at 450 to dry. Once the mold halves are dry, 
they are removed from the oven and an additional misting is 
applied on them. This procedure is repeated until a total of 10 
b-layers of the PVP k90 had been applied. Mold halves are 
used for the casting of lenses from lens formulation A1 pre 
pared in Example 2. Mold-lens assemblies (molded lenses 
With mold halves) are released in a PAA solution (pH 2.0), 
then extracted for 4 hrs in the PAA solution. 

Lenses in experiment 10 and 11 are obtained by cast 
molding of lens formulation A1 in mold halves Without LbL 
coating. The molded lenses are coated With an LbL coating 
according to the procedure described in Example 4. The 
resultant lenses have theoretically 91/2 bilayers (PAA/(PAH/ 
PAA)9. 
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The results in Table I shows that by using a method of 
invention (i.e., combination of a transferable LbL coating on 
mold halves and incorporation of internal Wetting agent in a 
lens formulation), see experiments 6-9, contact lenses With 
Wettable coatings can be produced in a simple, cost effective 
manner. 

It is found that the contact-angle hysteresis can be loWered 
by combination of a transferable LbL coating on mold halves 
for making lenses and incorporation of appropriate amounts 
of internal Wetting agent in a lens formulation (experiments 
8-9). Contact-angle hysteresis is the difference betWeen the 
advancing and receding contact angles. Contact angle hyster 
esis can be used to characteriZe surface heterogeneity. Where 
the surface of a contact lens is not chemically homogeneous, 
there Will exist domains With different hydrophilicity or 
hydrophobicity on the surface. Generally, advancing angles 
Will be sensitive to the hydrophobic domains and receding 
angles Will characteriZe the hydrophilic domains on the sur 
face, because as the Water advances hydrophobic domains 
Will hinder the advancing motion of the contact line, thereby 
increasing the contact angles, While as the Water recedes, the 
hydrophilic domains Will hold back the draining motion of 
the contact line thus decreasing the contact angle. 

It is also found that the higher temperature coating tem 
perature may increase the surface of hydrophilicity of the 
coating on a contact lens. 

Example 7 

A. An amount of lens formulation A1 (containing no PVP) 
prepared in Example 2 is introduced into each polypropylene 
molds and cured for a desired period of time, e. g., from about 
15 to about 30 minutes, under UV light to form contact lenses. 
The lens molds are not coated With LbL coating. After mold 
ing, Mold-lens assemblies (molded lenses With mold halves) 
are released in a PAA solution (pH 2.0), then extracted for 4 
hrs in the PAA solution. After extraction, lenses are auto 
claved in phosphate buffer saline (PBS). The averaged con 
tact angle are determined by Wilhelmy plate. The averaged 
advancing contact angle is 7815 degrees and the averaged 
receding contact angle is 3014 degrees. 

B. An amount of lens formulation A2 (containing 1% by 
Weight of PVP) prepared in Example 2 is introduced into each 
polypropylene molds and cured for a desired period of time, 
e.g., from about 15 to about 30 minutes, under UV light to 
form contact lenses. The lens molds are coated With an LbL 
coating according to the procedure described in Example 4. 
After molding, Mold-lens assemblies (molded lenses With 
mold halves) are released in a PAA solution (pH 2.0), then 
extracted for 4 hrs in the PAA solution. After extraction, 
lenses are autoclaved in phosphate buffer saline (PBS). The 
averaged contact angle are determined by Wilhelmy plate. 
The averaged advancing contact angle is 86319.7 degrees 
and the averaged receding contact angle is 28.1188 degrees. 

C. An amount of lens formulation A3 (containing 5% by 
Weight of PVP) prepared in Example 2 is introduced into each 
polypropylene molds and cured for a desired period of time, 
e.g., from about 15 to about 30 minutes, under UV light to 
form contact lenses. The lens molds are coated With an LbL 
coating according to the procedure described in Example 4. 
After molding, Mold-lens assemblies (molded lenses With 
mold halves) are released in a PAA solution (pH 2.0), then 
extracted for 4 hrs in the PAA solution. After extraction, 
lenses are autoclaved in phosphate buffer saline (PBS). The 
averaged contact angle are determined by Wilhelmy plate. 
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The averaged advancing contact angle is 88.4133 degrees 
and the averaged receding contact angle is 19.8183 degrees. 

D. An amount of lens formulation A1 (containing no PVP) 
prepared in Example 2 is introduced into each polypropylene 
molds and cured for a desired period of time, e.g., from about 
15 to about 30 minutes, underUV light to form contact lenses. 
The lens molds are spray-coated With 10 bi-layers of the PVP 
k90 according to the procedure described in Example 6. After 
molding, Mold-lens assemblies (molded lenses With mold 
halves) are released in a PAA solution (pH 2.0), then extracted 
for 4 hrs in the PAA solution. After extraction, lenses are 
autoclaved in phosphate buffer saline (PBS). 

All lenses prepared above are subjected to coating durabil 
ity test as described in Example 5. It is observed that after 30 
digital rubbing and soaking cycles, all of the tested lenses 
have staining spots, but the extent of Sudan Black staining for 
the above prepared lenses B, C and D is smaller than that for 
lenses A. 

Although various embodiments of the invention have been 
described using speci?c terms, devices, and methods, such 
description is for illustrative purposes only. The Words used 
are Words of description rather than of limitation. It is to be 
understood that changes and variations may be made by those 
skilled in the art Without departing from the spirit or scope of 
the present invention, Which is set forth in the folloWing 
claims. In addition, it should be understood that aspects of the 
various embodiments may be interchanged either in Whole or 
in part. Therefore, the spirit and scope of the appended claims 
should not be limited to the description of the preferred ver 
sions contained therein. 

What is claimed is: 
1. A method for making a silicone hydrogel contact lens, 

comprising the steps of: 
(a) obtaining a mold having a ?rst mold half and a second 
mold half, Wherein the ?rst mold half includes a ?rst 
molding surface and the second mold half includes a 
second molding surface, Wherein the ?rst and second 
mold halves are con?gured to receive each other such 
that a lens-forming cavity is formed betWeen the ?rst 
molding surface and the second molding surface; 

(b) applying a ?rst transferable LbL coating to the ?rst 
molding surface and a second transferable LbL coating 
to the second molding surface, Wherein each of the ?rst 
and second transferable LbL coatings comprises at least 
one layer of a ?rst polyionic polymeric material and 
optionally at least one layer of a second polyionic mate 
rial or a non-charged hydrophilic polymer With a hydro 
phobic backbone, Wherein the ?rst and second polyionic 
material each have a hydrophobic backbone and mul 
tiple ioniZable or charged pendant groups, Wherein the 
?rst and second polyionic materials have charges oppo 
site to each other; 

(c) dispensing a silicone hydrogel lens-forming ?uid mate 
rial into the lens-forming cavity of the moldWith the ?rst 
and second transferable LbL coatings on their molding 
surfaces, Wherein the silicone-hydrogel lens-forming 
material comprises a non-crosslinkable hydrophilic 
polymer and at least one member selected from the 
group consisting of a silicone-containing vinylic mono 
mer, a silicone-containing macromer With ethylenically 
unsaturated groups, a crosslinkable silicone-containing 
prepolymer, and mixtures thereof, Wherein the non 
crosslinkable hydrophilic polymer is capable of forming 
an interfacial ?lm at an interface betWeen the coated 
molding surfaces and the lens-forming ?uid material; 
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(d) soaking the transferable LbL coatings With the lens 
forming ?uidmaterial for a time period su?icient both to 
alloW the non-crosslinkable hydrophilic polymer in the 
interface ?lm to penetrate into the transferable LbL coat 
ings and to entangle With coating materials in the trans 
ferable LbL coatings; and 

(e) curing the lens-forming material Within the lens-form 
ing cavity to form the silicone hydrogel contact lens, 
Whereby the transferable LbL coatings detach from the 
molding surfaces and reattach to the formed silicone 
hydrogel contact lens such that said silicone hydrogel 
contact lens becomes coated With the transferable LbL 
coatings, 

Wherein the non-crosslinkable hydrophilic polymer has a 
molecular Weight or structure that promotes entanglement of 
the non-crosslinkable hydrophilic polymer in the interfacial 
?lm With the polymer matrix of the formed lens so as to obtain 
a Wettable surface coating With a good coating durability 
characterized by surviving at least ?ve consecutive digital 
rubbing tests. 

2. The method of claim 1, Wherein the silicone hydrogel 
lens-forming ?uid material has a temperature of from about 
45° C. to about 95° C. 

3. The method of claim 2, Wherein each of the ?rst and 
second transferable LbL coatings comprises at least one layer 
of the ?rst polyionic polymeric material and at least one layer 
of the second polyionic material. 

4. The method of claim 2, Wherein each of the ?rst and 
second transferable LbL coatings comprises at least one layer 
of the ?rst polyionic polymeric material and at least one layer 
of the non-charged hydrophilic polymer With a hydrophobic 
backbone, Wherein the non-charged hydrophilic polymer is 
selected from the group consisting of a polyvinyl alcohol, a 
homopolymer of a vinyl lactam, a copolymer of at least one 
vinyl lactam With one or more hydrophilic vinylic comono 
mers, and mixtures thereof. 

5. The method of claim 4, Wherein the non-charged hydro 
philic polymer is a polyvinyl alcohol, polyvinylpyrrolidone, 
or a mixture thereof. 

6. The method of claim 2, Wherein the ?rst and second 
transferable LbL coatings are different from each other. 

7. The method of claim 2, Wherein the silicone hydrogel 
lens-forming ?uid material comprises from about 1% to 
about 8.0% by Weight of the non-crosslinkable hydrophilic 
polymer, Wherein the non-crosslinkable hydrophilic polymer 
is selected from the group consisting of a polyvinylalcohol, 
polyethylene oxide, a polyethylene-polypropylene block 
copolymers, polyamides, a polyimides, a polylactone, a 
homopolymer of a vinyl lactam, a copolymer of a vinyl lac 
tam, a homopolymer of acrylamide, a homopolymer of meth 
aacrylamide, a copolymer of acrylamide, a copolymer of 
methacrylamide With one or more hydrophilic vinylic mono 
mers, and mixtures thereof, Wherein the number-average 
molecular Weight Mn of a non-crosslinkable hydrophilic 
polymer is at least 40000 daltons. 

8. The method of claim 2, Wherein the silicone hydrogel 
lens-forming material further comprises silver nanoparticles 
in an amount su?icient to impart to the resultant silicone 
hydrogel contact lens an antimicrobial activity characterized 
by having at least a 5-fold reduction (280% inhibition). 

9. The method of claim 1, Wherein the silicone hydrogel 
lens-forming material comprises a crosslinkable silicone 
containing prepolymer and is substantially free of vinylic 
monomer, Wherein the crosslinkable silicone-containing pre 
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polymer is substantially puri?ed prior to preparation of the 
silicone-hydrogel lens-forming ?uid material, Wherein the 
step of curing is carried out under a spatial limitation of 
actinic radiation to form the contact lens. 

10. The method of claim 1, Wherein each of the ?rst and 
second transferable LbL coatings comprises at least one layer 
of the ?rst polyionic polymeric material and at least one layer 
of the second polyionic material. 

11. The method of claim 1, Wherein each of the ?rst and 
second transferable LbL coatings comprises at least one layer 
of the ?rst polyionic polymeric material and at least one layer 
of the non-charged hydrophilic polymer With a hydrophobic 
backbone, Wherein the non-charged hydrophilic polymer is 
selected from the group consisting of a polyvinyl alcohol, a 
homopolymer of a vinyl lactam, a copolymer of at least one 
vinyl lactam With one or more hydrophilic vinylic comono 
mers, and mixtures thereof. 

12. The method of claim 11, Wherein the non-charged 
hydrophilic polymer is a polyvinyl alcohol, polyvinylpyrroli 
done, or a mixture thereof. 

13. The method of claim 1, Wherein the ?rst and second 
transferable LbL coatings are different from each other. 

14. The method of claim 1, Wherein the silicone hydrogel 
lens-forming ?uid material comprises from about 1% to 
about 8.0% by Weight of the non-crosslinkable hydrophilic 
polymer, Wherein the non-crosslinkable hydrophilic polymer 
is selected from the group consisting of a polyvinylalcohol, 
polyethylene oxide, a polyethylene-polypropylene block 
copolymers, polyamides, a polyimides, a polylactone, a 
homopolymer of a vinyl lactam, a copolymer of a vinyl lac 
tam, a homopolymer of acrylamide, a homopolymer of meth 
aacrylamide, a copolymer of acrylamide, a copolymer of 
methacrylamide With one or more hydrophilic vinylic mono 
mers, and mixtures thereof, Wherein the number-average 
molecular Weight Mn of a non-crosslinkable hydrophilic 
polymer is at least 40000 daltons. 

15. The method of claim 1, Wherein the silicone hydrogel 
lens-forming material further comprises silver nanoparticles 
in an amount suf?cient to impart to the resultant silicone 
hydrogel contact lens an antimicrobial activity characteriZed 
by having at least a 5-fold reduction (2 80% inhibition). 

16. The method of claim 9, Wherein the silicone hydrogel 
lens-forming ?uid material has a temperature of from about 
450 C. to about 950 C. 

17. The method of claim 16, Wherein each of the ?rst and 
second transferable LbL coatings comprises at least one layer 
of the ?rst polyionic polymeric material and at least one layer 
of the second polyionic material. 

18. The method of claim 16, Wherein each of the ?rst and 
second transferable LbL coatings comprises at least one layer 
of the ?rst polyionic polymeric material and at least one layer 
of the non-charged hydrophilic polymer With a hydrophobic 
backbone, Wherein the non-charged hydrophilic polymer is 
selected from the group consisting of a polyvinyl alcohol, a 
homopolymer of a vinyl lactam, a copolymer of at least one 
vinyl lactam With one or more hydrophilic vinylic comono 
mers, and mixtures thereof. 

19. The method of claim 18, Wherein the non-charged 
hydrophilic polymer is a polyvinyl alcohol, polyvinylpyrroli 
done, or a mixture thereof. 

20. The method of claim 16, Wherein the ?rst and second 
transferable LbL coatings are different from each other. 

* * * * * 


